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Glomerular hemodynamic responses to pregnancy in rats with severe
reduction of renal mass. These studies investigate glomerular hemody-
namic responses to pregnancy in rats with 5/6th reduction of renal mass of
four weeks duration. Both preglomerular and efferent arteriolar resis-
tances (RA and RE) fell significantly at midterm although single nephron
glomerular filtration rate (SNGFR) and glomerular plasma flow (QA)
were unchanged versus virgins. In late pregnant rats with reduction of
renal mass, the gestational fall in RA and R was maintained and GFR,
RPF, SNGFR and QA were higher compared to virgins. The gestational
renal vasodilation was prolonged in this model of hypertension versus
normals and a peripheral vasodilation is also indicated by the late fall in
blood pressure. In virgins with 5/6th reduction of renal mass, P0 is
elevated but in pregnant rats Pc fell towards term. The value of Kf was
doubled in late pregnancy compared to virgins. All three groups of rats
with reduction of renal mass showed similar proteinuria and similar levels
of focal glomerular sclerosis, suggesting that pregnancy did not exacerbate
the glomerular damage in this model of hypertension and renal disease. A
decrease in hematocrit in late pregnancy compared with both virgin and
midterm pregnancy indicated a plasma volume expansion. We conclude
that when superimposed on hypertension with glomerular damage due to
5/6th reduction of renal mass, pregnancy induced gestational renal and
peripheral vasodilation and plasma volume expansion. Since pregnancy
was antihypertensive and lowered P0, there was no hemodynamic basis
for pregnancy-associated exacerbation of damage in this model of glomer-
ular injury.
During normal pregnancy the cardiovascular system of women
and rats undergoes a series of adjustments to insure an adequate
supply of oxygen-rich blood for the developing fetus. These
changes include a plasma volume expansion, a large rise in cardiac
output because of increases in both stroke volume and heart rate,
and a fall in mean arterial blood pressure (BP) due to marked
reductions in total peripheral vascular resistance (TPR) [1—3].
Kidney function also changes to meet the metabolic needs of
pregnancy. These changes include a reduction in renal vascular
resistance (RVR) and increases in glomerular filtration rate
(GFR) and renal plasma flow (RPF) [1, 2]. These gestational
renal hemodynamic changes reach a maximal by midterm preg-
nancy and return towards nonpregnant levels close to term in both
women and rats [1, 2]. Micropuncture studies in normal rats have
demonstrated that at midterm, both preglomerular and efferent
arterioles (RA and RE) dilate in parallel, leading to increases in
single nephron glomerular filtration rate (SNGFR) and glomer-
ular plasma flow (QA), without changes in glomerular capillary
blood pressure (PGC) and glomerular ultrafiltration coefficient
(Kf) [1]. Close to term, RA and R are returning towards the
nonpregnant value and glomerular function is similar to the virgin
[1, 4, 5]
Hypertensive disorders are common complications of preg-
nancy. Clinical studies have shown that hypertension complicating
pregnancy is associated with increased risks to both mother and
fetus and is a prominent cause of maternal and infant illness
and death [6—8]. When underlying renal disease is present and
hypertension develops in pregnancy the prognosis is particularly
poor [2, 6—8]. The mechanism by which pregnancy, hypertension
and renal disease interact adversely is unknown.
Severe reduction of functional renal mass produces a model of
systemic hypertension and primary glomerular disease [9, 10]. In
male rats after reduction of renal mass, the remnant kidney
undergoes compensatory renal vasodilation with a proportionally
greater reduction in preglomerular arteriolar resistance (RA) than
efferent arteriolar resistance (RE). This causes increases in P0c,
QA and SNGFR [10—12]. Systemic hypertension occurs within two
weeks after severe reduction of renal mass [12]. Proteinuria is a
prominent feature of this model and alterations in glomerular
structure are detected as early as two weeks after reduction of
renal mass [9].
The purpose of the present study was to investigate renal and
glomerular hemodynamic responses to midterm and late preg-
nancy in rats with systemic hypertension and glomerular injury
due to reduction of renal mass. Specifically, we investigated
whether gestational renal vasodilation and/or peripheral vasodi-
lation and a fall in BP still occur in this model. Also, we have
determined whether there are any pregnancy associated changes
in glomerular hemodynamics, particularly transmission of an
increased GC, that could influence the rate of progression of
glomerular injury in this model of renal disease and hypertension.
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Studies were performed in 24 adult Sprague-Dawley female rats
(aged 4 to 6 months) obtained from Harlan Sprague Dawley, Inc.
All rats were allowed free access to standard rat pellet diet
(protein —24%; sodium 0.44%) and tap water. After collection of
a control 24-hour urine, rats were operated on under sterile
conditions and under general anesthesia (Brevital, i.p. 50 mg/kg).
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Table 1. Summary of glomerular hemodynamics in virgin (Vir), midpregnant (MP) and late pregnant (LP) rats studies 4 weeks after 5/6th ablation!
infarction of functional renal mass
BW LKW
g
UV
mg/24 h
Hct
%
BP
mm Hg
GFR RPF SNGFR QA A E GC 'T R RA nI/sec!
dyn/sec!cm (mm
X 1010 Hg)mi/mm ni/mm mm Hg
Vir N = 8 245 1.28 161 45 140 0.63 1.58 56 180 18 33 70 16 1.7 1.7 0.036
±7 ±0.07 ±43 ±1 ±4 ±0.05 ±0.12 ±2 ±10 ±0.4 ±2 ±3 ±1 ±0.1 ±0.1 ±0.005
MP N = 8 278 1.33 183 43 129 0.86 2.18 69 246 16 28 62 12 1.3 1.1 0.050
±13 ±0.09 ±3 ±1 ±4 ±0.13 ±0.35 ±9 ±25 ±0.4 ±2 ±3 ±1 ±0.2 ±0.1 ±0.010
LP N = 8 326 1.40 176 38 116 0.98 2.58 77 236 18 35 59 15 1.2 1.2 0.087
±17 ±0.09 ±27 ±2 ±7 ±0.09 ±0.32 ±4 ±22 ±0.4 ±2 ±3 ±1 ±0.1 ±0.1 ±0.014
P, Vir vs. NS NS NS NS NS MS NS NS NS <0.01 NS NS <0.01 <0.05 <0.01 NS
MP
P, Vir vs. LP <0.001 NS NS <0.005 <0.005 <0.05 <0.05 <0.05 <0.05 NS MS <0.05 NS <0.01 <0.01 <0.005
P, MP vs. LP <0.05 NS NS <0.05 NS MS NS NS NS <0.05 <0.05 NS <0.05 NS MS <0.05
P values show significant difference by one way ANOVA. All rats were at filtration pressure disequilibrium.
Control
Time, weeks after ablation/infarction of renal mass
Fig. 1. The 24-hour total protein excretion (UV) is shown for rats studied
initially in the control baseline state and then at 2 and 4 weeks after removal
of the right kidney and infarction of 2/3 of the left kidney (5/6th reduction of
renal mass). Rats who remained virgins (X), those studied at midterm
pregnancy, mated —18 days after reduction of renal mass (0), and those
studied in late pregnancy, mated — 10 days after renal mass reduction (S)
all showed similar increases in U.V. All data in this and subsequent
Figures are given as mean ± SE. * Significant change from the control value
by one way ANOVA.
Reduction of renal mass was produced by right nephrectomy and
by ligation of two posterior side branches of the left renal artery.
This infarcts the poles and dorsal surface of the left kidney but
leaves the ventral surface perfused and thus accessible for mi-
cropuncture. Rats with reduction of renal mass were divided into
three groups for study: virgins (N = 8), midterm pregnant rats
(gestational day 9 to 12, N = 8) and late pregnant rats (gestational
day 18 to 19, N = 8). Rats destined to be studied at midterm
pregnancy were mated —48 days after reduction of renal mass and
rats destined to be studied at late pregnancy were mated —10 days
after reduction of renal mass. We did not notice any marked
reduction in fertility in the rats with reduction of renal mass.
Twenty-four-hour urine collections were made in control and at
——two and ——four weeks after reduction of renal mass. All 24-hour
urine collections were frozen and later analyzed for total protein
content by Bradford assay [13].
Four weeks after reduction of renal mass all rats were studied
by glomerular micropuncture in a terminal experiment. Rats were
anesthetized with Inactin (100 to 120 mg!kg, i.p., Research
Biochemicals Inc., Natick, MA, USA), placed on a temperature-
regulated micropuncture table and rectal temperature maintained
at 36° to 38°C. A tracheotomy was performed and polyethylene
catheters (PE5O) were inserted into the right femoral artery for
periodic blood sampling and measurement of arterial blood
pressure (BP), into the right femoral vein for infusion of artificial
plasma (2.5 g% bovine serum albumin, 2.5 g% bovine globulins in
lactated Ringer solution) and into a jugular vein for infusion of
tritiated inulin. BP was monitored by a Gould-Statham transducer
connected to a direct-writing recorder (Gilson, Middleton, WI,
USA). An i.v. infusion of artificial plasma was given at the rate of
1% body wt!hr for the first 45 minutes of surgery, thereafter, at
0.15% body wt!hr for the remainder of the experiment to maintain
constant plasma volume. Isotonic NaC1 solution containing —100
jxCi,'ml tritiated-inulin was infused i.v. at a rate of 1 to 1.5 ml,'hr
during equilibration and throughout the experiment.
The left kidney was exposed through a midline and left subcos-
tal incision and gently separated from the adrenal gland and
surrounding perirenal fat. The left kidney was supported on a flat
Lucite plate and the kidney surface was illuminated with a fiber
optic light source attached to a quartz glass light rod and slowly
superfused with warm, 0.9% NaCl solution (34 to 36°C). The left
ureter was catheterized with PE1O for collection of urine and a
catheter (PE5O) attached to a bent, cut 26G needle was inserted,
retrograde, into the left renal vein for periodic sampling of renal
venous blood. Sixty minutes of equilibration was allowed after
completion of surgery before any measurements were made.
Two exactly timed urine collections (25 to 30 mm) were made
directly into graduated glass tubes for determination of urine flow
(V) and urinary inulin concentration. Blood samples (200 pJ)
were taken at the midpoint of urine collection periods from the
femoral artery and renal vein for measurements of hematocrit
(hct), plasma protein concentration (CA) and plasma inulin
concentration. Coincident with the urine collections, the following
micropuncture measurements were made: exactly timed (2 to 3
mm) samples of tubule fluid were collected at random sites on the
perfused kidney surface by puncture of six to eight surface
I
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proximal convoluted tubules, for determination of inulin content.
Efferent arteriolar (post-glomerular) blood was collected by punc-
ture of three to five superficial star vessels for determination of
efferent arteriolar plasma protein concentration (CE).Hydrostatic
pressures were measured in surface efferent arterioles and prox-
imal tubules using the servo-null micropressure measuring system
(Model 4A, 1PM, San Diego, CA, USA). In Sprague-Dawley rats
glomeruli are usually absent from the kidney surface, therefore
GC was measured indirectly: wax blocks were inserted into five to
seven mid-proximal surface segments to completely obstruct fluid
flow, The hydrostatic pressure in the tubule proximal to the block
rose until it reached the "stop-flow" pressure (P), when filtra-
tion stopped. P was measured at the earliest proximal segment.
The activities of tritiated inulin were measured in aliquots of
arterial and renal venous plasma (5 tl), urine (1 tl) and the entire
tubular fluid sample, which allowed calculations of SNGFR, GFR,
RVR and RPF. Protein concentrations (C) in femoral (CA) and
efferent arteriolar (CE) plasma were measured using a microad-
aptation of the Lowry method [14] and the colloid osmotic
pressures were calculated [151. Together, these measurements
allow calculation of SNGFR, single nephron filtration fraction
(SNFF), QA, RA, RE and Kf [151.
At the end of the micropuncture experiment, the remnant left
kidney was removed, weighed, sliced longitudinally and placed in
10% buffered formalin. The right kidney was handled similarly, at
nephrectomy. Tissue was later dehydrated in grade alcohol,
blocked in paraffin wax, 3 sections were cut and stained with
periodic acid-Schiff + hematoxylin eosin counterstain. The level
of glomerular damage was assessed on 100 cortical glomeruli/
kidney, on a blinded basis, using the 0 to 4+ glomerular injury
scale [16]. Mean glomerular volume (Vg) was calculated for both
right and left kidneys from each rat, from the planar cross
sectional area of 50 undamaged cortical glomeruli, measured on a
blinded basis. Details of these techniques were reported previ-
ously [17]. These Vg measurements were made on immersion
fixed tissue. We have previously validated the use of kidneys fixed
by immersion in formalin for Vg measurement [181.
Statistical analysis of functional data was by paired and un-
paired t-test and one way ANOVA using the General Linear
Models Procedure with least squares means. The histologic data
was by Wilcoxon rank sum analysis, from SAS [19]. Statistical
significance was defined as P < 0.05. Data are given throughout as
mean SE.
Results
Mean values of a number of variables are summarized in Table
1. Body weight increased progressively during pregnancy as also
occurs in normal rats [4, 5, 201. The remnant left kidney weight
(which included hypertrophied, functional tissue as well as in-
farcted + "scar" tissue) was similar in virgin and pregnant rats. As
shown in Figure 1, proteinuria develops rapidly and similarly, in
all animals after reduction of renal mass. At the time of mi-
cropuncture, four weeks after ablation/infarction of renal mass
the proteinuria was similar in all three groups and was —-increased
ten times over the control values. In normal rats urinary protein
excretion remained unchanged at the control value, during preg-
nancy [201. As shown in Table 1, there was a decrease in hct in late
pregnant rats compared to both virgin and midterm pregnancy,
suggesting that plasma volume expansion occurred in late preg-
nancy, as in normal rats [1, 4, 5, 20]. Severe (5/6th) reduction of
functional renal mass caused systemic hypertension in virgins and
there was a significant fall in BP in late pregnancy (Table 1, Fig.
2). As also shown in Figure 2, and reported by us previously, BP
fell in normotensive pregnant rats which were close to term [1, 4,
5, 20].
As demonstrated on many occasions by us and others, the
normotensive midterm pregnant rat exhibits a marked renal
vasodilation with increases in GFR and RPF [1, 2, 4, 5, 20].
Parallel decreases occur in RA and RE, leading to increased QA
and SNGFR without change in GC [1, 4J. In rats with 5/6th
ablation/infarction of renal mass, RA and R also declined at
midterm (Table 1), but the renal function effects were less marked
since SNGFR, °A' GFR and RPF were not different versus
virgins (Table 1). By late pregnancy, however, GFR, RPF,
SNGFR and QA were significantly increased versus the virgin
value in rats with 5/6 ablation/infarction of renal mass. Both RA
and RE remained low versus the virgin value, and this contrasts
with the normotensive situation, where by late pregnancy RA and
RE have increased to nonpregnant values (Fig. 2), resulting in a
return of filtration and plasma flow [1, 4, 5, 20].
In virgins with reduction of renal mass, P0 was elevated (by
—20 mm Hg) versus normal controls due to the systemic hyper-
tension (Table 1 and Fig. 2). Despite a gestational renal vasodi-
lation there was no midterm alteration in GC in rats with
reduction of renal mass, but by late pregnancy, P0 had fallen,
although it was still higher than in normals. This contrasts to the
situation in normotensive rats where GC was unchanged by late
pregnancy (Fig. 2) and indeed, remained constant throughout the
entire gestational period [1, 4, 5]. The value of T was lower in
midterm pregnant rats versus virgins or late pregnants (Table 1)
but the zP was different only between virgins and late pregnant
rats (54 3 vs. 44 3 mm Hg; P < 0.05). An unusual observation
in this study was the increased value of Kf in late pregnant versus
virgin and midterm pregnant rats with reduction of renal mass,
since in normal pregnancy Kf did not change (Fig. 2). Unique
values of Kf were calculable for all rats in all three groups with
5/6th reduction of renal mass, since they did not achieve filtration
pressure equilibrium, thus this rise in the value of Kf represents a
true increase. Table 2 summarizes the glomerular structural data.
At the time of nephrectomy, the right kidney in all three groups
was normal, with — 95% of glomeruli showing no evidence of
glomerular sclerotic damage (grade 0). Four weeks later, substan-
tial glomerular damage was evident in the remnant left kidney of
all three groups since there were fewer undamaged glomeruli
(grade 0) in the remnant left versus the normal right kidney. Most
of the injury was focal and segmental (1+, 2+ injury grade) and
—4% of glomeruli were obsolescent [4+]. There were no differ-
ences in the amount of damage at any sclerosis grade, in the three
groups. The average Vg in the normal right kidney was similar in
all three groups. As reported by others [11], 5/6th reduction of
functional renal mass leads to significant glomerular hypertrophy
in virgin, mid- and late pregnant rats (Table 2). The magnitude of
the increased Vg due to renal mass ablation was similar in all
three groups (+57 14% in virgins, +48 15% in midterm
pregnant rats and +86 16% in late pregnancy).
Discussion
Male rats with severe reduction of renal mass exhibit systemic
hypertension, glomerular hypertension, progressive glomerular
injury and glomerulosclerosis [9—12]. Micropuncture studies in
Fig. 2. Summaty of data from virgin and late
pregnant rats with two normal kidneys, published
in [5]. Data from virgin and late pregnant rats
studied four weeks after 5/6th reduction of
renal mass is shown on the right side of the
Figure. Data is given for blood pressure (BP),
glomerular capillaiy blood pressure (PGC),
preglomerular and efferent arteriolar resistances
(RA and R, respectively) and the glomerular
capillary ultrafiltration coefficient (K.f).
*Significant difference between the virgin and
late pregnant animal by unpaired t-test.
§ Significant difference between the normal
controls and the ablation animals.
Table 2. Summary of glomerular structural data in virgin (Vir), midterm pregnant (MP) and late pregnant (LP) rats, 4 weeks after 5/6th ablation!
infarction of functional renal mass
Glomerular sclerosis grade
Vg
p.3x1O0 1+ 2+ 3+ 4+
V right 95.7 0.6 4.6 0.0 0.8 0.4 0.1 0.1 0.1 0.1 8.12 0.57
left 76.6 3.9 11.8 1.5 4.3 1.0 1.8 0.5 4.6 1.1 12.41 0.94
MP right 94.2 0.4 4.9 0.3 0.5 0.2 0.4 0.1 0 6.93 0.60
left 81.5 2.9 9.8 1.4 3.8 1.1 1.6 0.5 0 9.94 0.68
LP right
left
95.0 0.6
84.5 3.4
4.1 0.4
8.1 1.4
0.1 0.1
2.2 0.6
0.3 0.1
1.7 0.4
0.4 0.2
3.8 1.3
6.25 0.52
11.21 0.67
For left kidney
P, V vs. MP NS NS NS NS NS NS
P, V vs. LP NS NS NS NS NS NS
P, MP vs. LP NS NS NS NS NS NS
Glomerular injury is scored in five categories: 0 = no glomerular injury; I + = mild focal glomerular sclerosis, up to 25% of the tuft involved; 2+
= up to 50% of the tuft is injured; 3+ = 50—75% of the glomerular tuft is damaged and 4+ = 75 to 100% of the glomerular capillary is damaged.
Pathology was done on 100 glomeruli/kidney. Vg was measured on 50 undamaged cortical glomeruli/kidney.
Significant difference between normal and remnant kidneys calculated by Wilcoxon rank sum analysis
the remnant kidney have demonstrated that the compensatory
renal vasodilation produced by ablation is mainly confined to the
afferent arteriole [10, 11, 21, 221. This, together with the rise in
BP, contributes to the glomerular capillary hypertension, which is
suggested to be the major pathogenic pathway for glomerular
injury in this model [10, 11, 21, 22]. In the present studies we used
female rats, and the values of RA and RE after 5/6th reduction of
renal mass were not different to the values in a group of normal
two kidney virgins, studied recently by us ([5] and Fig. 2). The
value of P0, however, was higher in female virgin rats with
reduction of renal mass versus normal controls, entirely because
of the higher BP (Fig. 2). This contrasts with observations in the
male rat where 5/6th reduction of renal mass caused falls in RA
[10, 11, 21, 22]. A comparison of sex differences in response to
reduction of renal mass was beyond the scope of the present
studies; nevertheless, there is evidence that the normal female
kidney is vasoconstricted versus the male [23] and that the
long-term response to uninephrectomy plus high protein feeding
leads to lower values of RA and R and higher values of P0 in
male versus female rats [24]. Irrespective of the sex difference in
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the response of RA and RE to reduction of renal mass, both males
and females developed systemic and glomerular hypertension,
proteinuria and glomerular injusy.
Despite the presence of chronic compensatory renal vasodila-
tion in male rats after reduction of renal mass, the remnant kidney
is capable of further acute vasodilation in response to i.v. glycine
[25]. The stimuli of high dietary protein or dietary supplementa-
tion with L-arginine in rats with reduction of renal mass have also
been shown to produce chronic increases in RPF and GFR [26,
27]. Chronic glucocorticoid administration also increases QA in
rats with reduction of renal mass [28]. Renal vasodilatory re-
sponses to amino acid/protein feeding have also been reported in
humans with reduced renal mass [29]. We have recently shown
that Fenoldapam, a dopamine agonist, elicits acute falls in RA and
RE i virgin female rats with 5/6th reduction of renal mass [30].
Taken together, these observations suggest that rats with reduc-
tion of renal mass have both acute and chronic "renal reserve."
The present studies show that rats with 5/6th reduction of renal
mass also exhibit a renal vasodilatoty response to pregnancy. Falls
occurred in RA and RE at midterm pregnancy, similar to that seen
in normal two kidney controls [1, 4], but the remnant kidney
undergoes a prolonged gestational renal vasodilation. In normal
rats close to term, RA and RE return towards the non-pregnant
value [1, 4, 5], whereas in the present study in rats with 5/6th
reduction of renal mass, RA and RE remained low in late
pregnancy.
The gestational renal vasodilatory stimulus is remarkably per-
sistent and has even been observed in pregnant women who are
transplant recipients of cadaveric male kidneys [31]. Despite the
gestational renal vasodilation in rats with reduction of renal mass,
Gc is not further increased. At midterm both RA and RE decline
in near parallel, preserving GC, and in late pregnancy GC falls
despite persistent dilation of RA and RE because of the concom-
itant reduction in systemic BP. A reduction in GCsuggests that
pregnancy will not accelerate hemodypamically-mediated glomer-
ular injury in rats with reduction of renal mass; it may even be
beneficial. This contrasts with the effect of chronic glucocorticoids
in rats with reduction of renal mass, where disproportionate
declines in RA and maintenance of BP lead to increased GC and
amplification of the glomerular damage [28]. Studies by others
have shown that repeated pregnancies in rats with severe reduc-
tion of renal mass over a longer time period were successful and
did not exacerbate the glomerular damage [32].
The present study also shows that pregnancy-induced systemic
hemodynamic changes in rats with 5/6th reduction of renal mass
are similar to those seen in normal pregnancy. Plasma volume
expansion is indicated by late falls in hct, and the late fall in BP
suggests the usual reduction in total peripheral resistance [1, 2,
33]. The observation that the late fall in BP occurred in pregnant
rats with reduction of renal mass confirms earlier findings that
pregnancy is antihypertensive in rats with this model of hyperten-
sion [34]. Pregnancy-induced antihypertensive effects have also
been reported in rats with spontaneous hypertension, DOCAJsalt
hypertension, Goldblatt hypertension and adrenal regeneration
induced hypertension [34, 35], despite differences in the genesis of
hypertension among these models. Since pregnancy is hypotensive
in normal rats and antihypertensive in a variety of animal models
of hypertension, this suggests that a common vasodilatory sub-
stance(s) is induced by pregnancy or increased during pregnancy.
It has been found by us and by others that in normal pregnancy,
nitric oxide (NO) production is increased [36, 37], and chronic NO
blockade in pregnancy produces hypertension and renal vasocon-
striction [18]. These observations suggest that NO has a primary
role in the systemic and renal vasodilatory responses in normo-
tensive pregnancy. The spontaneously hypertensive rat (SHR) has
an exaggerated fall in BP close to term, and studies show that the
pregnant SHR is more sensitive to acute NO blockade than
normals, suggesting a role for NO in the hemodynamic response
to pregnancy in the SHR [35]. We infer that an increased
production of NO might also occur in pregnancy in rats with
reduction of renal mass-induced hypertension, although this
remains to be tested. There are two features which are unique to
the course of the pregnancy in this model compared to normal
pregnancy: longer gestational renal vasodilation and increases in
Kf by late pregnancy. Both may be due to a prolonged increase in
renal NO synthesis since NO relaxes the renal vasculature and the
mesangial cell [38, 39].
In conclusion, despite severe reduction of renal mass, the
remnant kidney is still capable of an additional gestational renal
vasodilation. The peripheral vasodilation leads to falls in BP close
to term, and the plasma volume expansion persists. Since there
were no increases in GC with pregnancy, there is no hemody-
namic mechanism by which pregnancy could exacerbate the renal
damage in this model of glomerular injury and hypertension.
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